RD-A120  742 ENERGV  AND  MOMENTUM  ACCOMMODATION  COEFFICIENTS  ON  1/ 

PLATINUM  AND  SILVERIU)  MISSISSIPPI  UNIV  UNIVERSITV  DEPT 
OF  PHVSICS  AND  ASTRONOMV  F  D  SHIELDS  20  OCT  82 
UNCLASSIFIED  N00014-81-K-0691  F/G  11/6  NL 


T*1 

IPl 

II  W»m 

1.0 

IB 

IB 

lit 

Mi 

li- 

1 

Itt 

m 

m 

u 

k  » 

Itt 
“  1 

MICROCOPY  RESOLUTION  TEST  CHART 
NATIONAL  BUREAU  OF  STANDARDS- 1963 -A 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANOARDS-1963-A 


1.0 

m  §3.2 


Li  1^8  B2.5 

“f  1^2 
s  Itt  110 


L25  ■ u  H  (.6 


1.0  la 

=§§  u  ■**  |2£ 

M  f.,aia 


|£|U 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS -1963 -A  r~ 


1.0  IB 

1=H  “  IB  U23 

M  r“ltt 


E£UiliA 


MICROCOPY  RESOLUTION  TEST  CHART 
NATIONAL  BUREAU  OF  STANOAROS-1963-A 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANOAROC-1963J 


sv 


J 


! 


L'  - 

I  "j 


t 


-> 


!•_■  j 


\ 


-  i 


Technical  Report  on  Research 
Sponsored  by  the 
Office  of  Naval  Research 
Contract  N00014-81-K-0691 


ENERGY  AND  MOMENTUM  ACCOMMODATION  COEFFICIENTS  ON  PLATINUM  AND  SILVER 


by 


F.  Douglas  Shields 
Department  of  Physics  and  Astronomy 
The  University  of  Mississippi 
University,  Mississippi 

October  20,  1982 


Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose 
of  the  United  State  Government. 


SECURITY  CLASSIFICATION  of  THIS  RA6F  fNRwi  Data  Bnlorog) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1.  REPORT  NUMBER 


|2.  OOVT  ACCESSION  NO. 

^t/U2n  UM 


S.  RECIPIENT'S  CATALOG  NUMBER 


4.  title  (~>i  Subiin*)  ENERGY  AND  MOMENTUM  ACCOMMODATION 
COEFFICIENTS  ON  PLATINUM  AND  SILVER 


S.  TYRE  of  RERORT  4  RERIOO  COVERED 

Technical  Report  1981-82 


S.  PERFORMING  ORG.  RERORT  NUMBER 


.  AUTHORS 

F.  Douglas  Shields 


■-  CONTRACT  OR  GRANT  NUMBERS 

N00014-81-K-0691 


».  performing  organization  name  and  aodress 

The  University  of  Mississippi 
University,  Mississippi  38677 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  •  WORK  UNIT  NUMBERS 


NR  384-836 


II.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 


Office  of  Naval  Research,  Physics  Program 
Office,  Arlington,  Virginia  22217 


12.  REPORT  DATE 

10/20/82 


IS.  number  of  PAGES 


14.  MONITORING  AGENCY  NAME  4  AOORESSf/l  dlllaront  Irani  Controlling  Ollleo) 


IS.  SECURITY  CLASS,  (ol  UiIo  r  apart) 

Declassified 


ISa.  DECLASSIFICATION/  DOWNGRADING 
SCHEDULE 


14.  DISTRIBUTION  STATEMENT  (ol  IMo  Roport) 


Approved  for  public  release;  distribution  unlimited. 


DD  ,  1473  «MTtON  OF  I  NOV  BS  IS  OBSOLETE 

S/N  0102- LF- 014- 6401  -  -  -  -  --  -  -  - 

SECURITY  CLASSIFICATION  OF  THIS  RACE  fWM*  ©•••  «*••*•* 


ENERGY  AND  MOMENTUM  ACCOMMODATION 


COEFFICIENTS  ON  PLATINUM  AND  SILVER 


F.  Douglas  Shields 

The  University  of  Mississippi 
University,  Mississippi  38677 


ABSTRACT 


•.:v  ■  ..sion  lor 

Yr’,S  GRAil 
;  i..;: 

'  .  ;  01:.: . :  "1 

:  l  i  j.‘ 


Acoustical  aeasureaents  of  energy  and  tangential  momentum  accomnodation 
coefficients  indicate  stable  and  reproducible  Pt  and  Ag  surfaces  are  obtained 
by  heating  in  a  vacuum.  EAC  and  TMAC  values  are  given  for  He  and  Ne  on  the 
heat-cleaned  Pt  and  Ag  surfaces  and  for  these  gases  on  Pt  and  Ag  surfaces  after 
exposure  to  various  adsorbent  gases.  AC  values  are  also  given  for  the  various 
adsorbent  gases  on  themselves  on  the  heat-cleaned  Pt  and  Ag  surfaces. 


I.  INTRODUCTION 


When  a  sound  wave  is  propagated  through  a  gas  contained  in  a  cylindrical  tube 
it  experiences  an  absorption  and  reduction  in  velocity  due  to  thermal  and  viscose 
losses  at  the  tube  wall.  Approximate  analytic  equations  for  the  "tube  absorption" 
and  "tube  velocity”  were  developed  by  Kirchhoff1  assuming  a  zero  particle  velocity 
and  sound  temperature  variation  at  the  tube  wall.  To  arrive  at  the  analytic 
expression,  for  these  losses,  Kirchhoff  used  a  one-term  expansion  of 
Bessel  functions.  In  order  to  explain  more  recent  measurements  of  sound  velocity 
and  absorption  in  gases  at  low  pressures,  it  has  been  necessary  to  use  a  numerical 
solution  of  the  wave  equation  and  to  assume  a  "temperature  jump"  and  "slip  velocity" 
at  the  tube  wall.2*3  The  temperature  jump  and  slip  velocity,  in  turn,  are  a  func¬ 
tion  of  the  energy  and  tangential  momentum  accommodation  coefficients.  (See  foot¬ 
note  12  of  reference  3.)  The  sound  absorption  and  velocity,  therefore,  are  a 
function  of  the  energy  and  momentum  accommodation  coefficients,  and  it  is  possible 
to  obtain  EAC  and  TMAC  values  by  varying  them  until  the  calculated  sound  velocity 
and  absorption  agree  with  measured  values.  This  method  has  been  used  to  observe 
the  change  in  EAC  and  TMAC  for  the  Ne  and  He  on  W  as  adsorbed  O2  is  removed  from 
a  tungsten  surface  by  flashing.4*5  More  recently,  the  method  has  also  been  used 
to  compare  EAC  and  TMAC  for  different  W  surfaces  and  for  a  W  surface  with  different 
types  of  molecules  adsorbed  on  the  surface.6*7 

The  two  parameters,  EAC  and  TMAC,  enter  into  the  equations  for  sound  velocity 
and  absorption  in  a  similar  way.  For  this  reason,  fitting  the  theoretical  expres¬ 
sion  for  sound  absorption  and  velocity  to  experimental  measurements  gives  the  sum 
of  EAC  and  TMAC  more  accurately  than  their  Individual  values.6  Nevertheless,  the 
acoustical  measurements  were  some  of  the  first  to  show  that  TMAC  experiences  a 
dramatic  decrease  similar  to  that  of  EAC  when  adsorbed  molecules  are  removed  from 
a  metal  surface.  (See  footnote  2  of  reference  6.) 


It  has  proven  convenient  to  display  the  experimental  measurements  in  terms  of 
the  dimensionless  parameters  C0/C  and  aC0/m,  where  a  is  the  absorption  coefficient, 
C0  is  the  ideal-gas,  free-space  sound  velocity,  and  u  is  the  angular  sound  frequency 
These  correspond  to  the  real  and  imaginary  parts  of  the  "reduced"  propagation  con¬ 
stant.  These  are  a  function  of  the  accommodation  coeffieients,  the  ratio  of 
specific  heats  and  the  two  reduced  parameters  r*  and  ru;  where 
r'  »  ru/Co 

and 

tin  *=  Co^oA^n. 

Here  r  is  the  tube  radius,  pq  is  the  gas  density,  and  r\  is  the  gas  viscosity. 

The  sound  measurements  are  generally  made  at  approximately  constant  frequency 
as  the  pressure  is  varied.  EAC  and  TMAC  are  obtained,  therefore,  by  plotting  the 
reduced  inverse  velocity  and  the  reduced  absorption  as  a  function  of  rw  for  a 
fixed  r' .  EAC  and  TMAC  are  then  varied  by  a  computer  program  to  give  theoretical 
curves  best  fitting  the  experimental  points. 

II.  EXPERIMENTAL 

The  experimental  system  used  for  the  measurements  was  the  same  as  that  used 
for  the  measurements  on  the  tungsten  tubes.4-7  The  transducers  previously  used 
were  replaced  by  capacitance  microphones  specially  made  by  the  Brilel  and  Kjaer 
company  without  the  use  of  organic  materials.  The  sound  frequency  was  approxi¬ 
mately  20  kHz,  which  was  slightly  higher  than  that  previously  used.  All  of  the 
test  gases  except  CO2  were  passed  through  a  liquid  nitrogen  trap  before  entering 
the  measuring  system.  However,  checks  indicated  this  had  little  effect  on  the 
results.  The  titanium  purifier  used  in  previous  measurements  was  removed  with 
negligible  effect  upon  the  results. 

The  Ft  and  Ag  tubes  were  supplied  by  the  Englehard  Industries,  Inc.  They  had 
an  outside  diameter  of  0.9525  cm  and  0.0254  cm  wall.  The  inner  surface  was 


specified  as  having  a  2.5  x  10~5  r.m.s.  cm  finish  and  the  metal  as  having  99.95Z 
purity.  Electron  micrographs  of  the  tube  surfaces  before  and  after  heating  are 
shown  in  Fig.  1  A-D.  The  gases  were  the  same  as  those  previously  used  on  the 
tungsten  tube. 

The  system  was  baked  out  at  150° C  for  several  hours  and  the  pressure  was 
pumped  down  to  the  order  of  10“  7  Torr  before  measurements  began.  Misch  metal  getter 
was  evaporated  inside  the  vacuum  system  before  the  tubes  were  heated  by  induction 
heating  to  remove  adsorbed  gases  from  the  metal  surface. 

III.  DISCUSSION  OF  RESULTS 
A.  Measurements  with  the  Pt  tube. 

Fig.  2  shows  the  reduced  inverse  velocity  and  the  reduced  absorption  data  for 
Ne  and  He  on  Pt.  The  filled  stars  are  the  average  of  three  runs  taken  between  July 

2  and  9,  1982.  The  tube  was  heated  in  the  presence  of  misch  metal  getter  at  1500  K 

« 

several  times  before  the  measurements  on  July  2  and  also  on  July  9.  Allowing  the 
tube  to  stand  for  four  days  in  a  vacuum  of  about  10~7  Torr  in  the  presence  of  misch 
metal  getter  produced  no  observable  change  in  the  surface.  Furthermore,  additional 
heating  of  the  tube  at  1800  K  produced  no  observable  additional  change  in  the  sur¬ 
face.  While  it  is  probably  true  that  the  poor  vacuum  did  not  allow  the  obtaining 
of  a  clean  surface,  the  surface  that  was  obtained  by  the  heating  in  a  vacuum  was 
stable  and  reproducible. 

Also  shown  in  Fig.  2  are  measurements  made  in  He  and  Ne  gas  after  the  Pt  tube 
had  been  exposed  to  10  Torr  of  various  gases.  The  procedure  was  to  begin  with  the 
heat-cleaned  surface,  then  introduce  the  adsorbing  gas  (02»N2»C0  or  C02)  and  measure 
the  sound  velocity  and  absorption  in  it.  This  adsorbing  gas  was  then  pumped  out  and 
the  inert  gas  (He  or  Ne)  introduced  into  the  tube  and  measured.  The  tube  was  then 
heat-cleaned  in  a  vacuum  before  introducing  the  next  adsorbent. 

As  seen  in  Fig.  2,  the  exposure  of  the  surface  to  N2  produced  a  negligible 


change  in  the  absorption  and  velocity.  The  conclusion  here  is  that  the  N2  does  not 
stick  to  the  Pt  surface.  Since  the  exposure  to  N2  produced  no  change  in  the  surface, 
it  was  not  heat-cleaned  before  introducing  the  next  adsorbing  gas  which  was  CO. 

Table  I.  records  the  TMAC  and  EAC  values  obtained  by  fitting  theoretical  curves 
to  the  experimental  data.  Values  obtained  from  seven  runs  with  the  heat-cleaned 
surface  and  the  one  run  after  exposure  to  N2  were  averaged.  The  first  two  rows  in 
the  table  give  these  average  values.  Measurements  after  the  surface  had  been  exposed 
to  each  of  the  other  three  gases  (02,C0,C02)  gave  results  differing  significantly 
from  those  with  the  heat  cleaned  surface  but  differing  from  each  other  by  less  than 
experimental  error.  The  A.C.  values  obtained  for  these  runs  were  averaged  and  the 
average  values  entered  in  Table  I.  The  ±  values  in  the  Table  indicate  scatter  in 
the  data  for  the  surfaces  that  are  grouped  together.  This  scatter  is  estimated  to 
be  within  the  absolute  error  of  the  individual  measured  values. 

For  the  measurements  with  the  W  tube  reported  earlier,  only  the  sum  TMAC  +  EAC 
was  obtained  from  the  acoustical  measurements  and  the  individual  values  for  the  two 
were  obtained  by  comparing  the  results  with  EAC  values  report  in  the  literature.6 *7 
This  time  the  measurements  are  accurate  enough  to  justify  reporting  both  TMAC  and  EAC. 
However,  it  is  still  true  that  the  sum  of  the  two  is  determined  by  the  acoustical 
method  with  considerably  more  accuracy  than  either  one  individually.  The  curves 
shown  in  Fig.  2.  were  calculated  using  the  AC  values  given  in  Table  I. 

After  exposing  the  Pt  to  02  it  was  first  flashed  at  1100  K  and  then  subsequently 
at  1400  K.  Although  the  1100  K  flashing  temperature  lowered  TMAC  and  EAC  values 
considerably  (0.60  and  0.12  for  He  and  0.64  and  0.28  for  Ne)  the  higher  flashing 
temf srature  was  necessary  to  restore  the  AC  values  measured  before  the  02  was  intro¬ 
duces.  In  the  case  of  CO  and  C02,  the  adsorbed  molecules  were  removed  (i.e.,  the 
original  AC  values  were  restored)  by  flashing  at  1100  K. 

After  the  measurements  with  the  Ag  tube,  the  Pt  tube  was  returned  to  the 
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system  and  additional  measurements  made  to  determine  the  effect  of  a  two-week 
exposure  to  the  atmosphere.  These  results  are  also  plotted  in  Fig.  2  and  clearly 
indicate  a  surface  with  greater  accommodation  coefficients  than  that  produced  by  the 
exposure  to  the  10  Torr  of  the  Individual  gases.  The  AC  values  for  this  surface 
are  also  given  in  Table  1.  It  should  be  noted  that  measurements  with  both  the 
Pt  and  Ag  tubes  before  they  were  heat-cleaned  for  the  first  time  gave  AC  values 
greater  than  any  in  Table  I. 

An  effort  was  made  to  clean  the  Pt  surface  by  ion  bombardment.  For  this  pur¬ 
pose,  the  Pt  tube  was  suspended  in  the  vacuum  system  co-axially  around  the  G.51  cm 
shaft  that  carried  the  sound  source.  Misch  metal  getter  was  deposited  on  the  shaft 
before  it  was  extended  through  the  Pt  tube.  A  glow  discharge  was  maintained  in 
10  Torr  of  A  for  20  minutes  by  a  difference  of  potential  of  approximately  200  volts 
between  the  shaft  (which  was  positive)  and  the  tube  (which  was  negative) .  The 
current  was  varied  from  100  to  50  ma  to  maintain  a  discharge  that  filled  the  tube. 
This  process  produced  negligible  change  in  AC  values  measured  for  the  surface. 

B.  Measurements  with  the  silver  tube. 

Because  of  its  relatively  low  melting  point  (1234  K)  and  low  emissivity  it  was 
not  possible  to  raise  the  flashing  temperature  of  the  silver  tube  high  enough  to 
accurately  measure  it  with  the  optical  pyrometer.  This  temperature  was  estimated  to 
be  900  ±  150  K.  The  tube  was  held  at  this  temperature  for  a  few  minutes.  The  glass 
wall  of  the  vacuum  system  was  darkened  slightly  in  the  heating  process,  presumably 
by  the  deposition  of  a  thin  coating  of  Ag.  The  procedure  for  the  measurements  with 
the  Ag  tube  was  similar  to  that  with  the  Pt.  This  time  only  O2  produced  an  observ¬ 
able  change  in  the  surface  and  it  was  removed  by  the  900  K  flash.  Fig.  3  shows  the 
reduced  absorption  and  velocity  curves  for  the  silver  tube,  and  Table  1  gives  TMAC 
and  EAC  values  as  determined  by  fitting  the  theoretical  curves  to  the  experimental 
points.  As  with  the  Pt  tube.  Instead  of  trying  to  show  different  values  for 
each  adsorbant,  the  results  for  sets  of  data  differing  by  less  than  experi- 
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mental  error  have  been  grouped  together  and  averaged.  The  +  or  -  values  in  the 
table  indicate  the  limits  of  deviation  of  Individual  measurements  from  the  average 
value.  If  the  entry  in  the  table  is  for  a  single  surface,  the  ±  value  is  obtained 
from  the  estimated  accuracy  of  the  velocity  and  absorption  data. 

Also  given  in  Table  I  are  the  TMAC  and  EAC  values  for  the  various  adsorbent 
gases  on  themselves  on  the  two  metals.  Measurements  were  not  possible  in  CO 2 
because  the  20  kHz  frequency  used  was  above  the  cut-off  frequency  for  the  first 
non-plane  mode  in  the  tube. 

IV.  COMPARISON  WITH  OTHER  MEASUREMENTS 

Very  few  measurements  of  TMAC  on  controlled  surfaces  have  been  reported. 

Lord  and  Thomas6  working  with  vacuum  deposited  surfaces  report  values  of  0.35  and 
0.25  for  He  and  Pt  and  Ag  respectively,  values  considerably  below  those  reported 
here. 

A  number  of  EAC  measurements  of  Pt  surfaces  have  been  made,  mostly  with  ther¬ 
mal  conductivity  cells.  Saxena  and  Joshi9  have  recently  summarized  these  measure¬ 
ments.  As  might  be  expected,  values  vary  greatly  (from  0.026  to  0.70)  depending 
upon  the  nature  and  history  of  the  surface.  Faust,10  one  of  Thomas'  students  at 
the  University  of  Missouri,  made  measurements  on  heat  cleaned  Pt  in  the  presence 
of  A1  getter.  His  "clean  surface"  He  and  Ne  EAC  values  (0.055  and  0.28  respectively) 
were  in  relatively  good  agreement  with  those  reported  in  Table  I  (0.07  ±  0.03  and 
0.20  i  0.05).  It  is  not  hard  to  find  EAC  values  for  gas  covered  Pt  close  to  the 
He  and  Ne  values  reported  here  (0.24  i  0.08  and  0.47  ±  0.05  respectively).  Thomas 
and  Golike11  measure  0.18  and  0.43  with  the  temperature  jump  method. 

Most  earlier  measurements  of  EAC  for  CO,  N2  and  O2  on  Pt  report  values  0.77  ± 
0.03,*  which  is  close  to  the  average  value  for  these  three  gases  given  in  Table  I. 

Few  measurements  have  been  made  of  EAC  values  on  a  silver  surface.  Those  that 
have  been  x  — *ed  *  ..vide  little  basis  for  comparison  with  results  here  reported. 
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V.  CONCLUSIONS 

The  following  conclusions  can  be  drawn  from  thes i  experiments: 

1.  N2  does  not  stick  to  the  heat-cleaned  Pt  surface,  but  CO,  CO2  and  O2  do. 
These  three  adsorbing  gases  have  similar  effects  on  the  AC  values. 

2.  CO  and  CO2  are  removed  from  the  Pt  surface  by  heating  to  1100  K.  02  was 
only  partially  removed  at  this  temperature.  1400  K  removed  the  remaining 
O2  and  1800  K  produced  no  additional  change  in  the  Pt  surface. 

3.  For  the  silver  tube,  exposure  to  neither  CO  nor  N2  changed  the  AC  values. 

02  was  removed  by  heat  cleaning  at  approximately  900  K. 

4.  To  within  experimental  error,  a  single  TMAC  value  of  0.75  has  been  observed 
for  both  He  and  Ne  on  the  three  metals  W,  Pt  and  Ag  after  the  surfaces 
have  been  heat  cleaned  in  a  vacuum  and  then  exposed  to  a  number  of 
adsorbing  gases.  For  W,  which  was  measured  earlier,  the  adsorbing  gases 
tested  were  N2,  C02,  CO,  HjO,  02,  and  D  2. 7  (Only  the  last  two  were  tested 
with  He.)  For  Pt,  the  gases  were  CO,  C02  and  02,  and  for  Ag  the  gas  was  02. 

5.  When  compared  to  the  heat  cleaned  surface,  the  adsorbents  increase  TMAC 
about  50%. 

6.  EAC  for  Ne  is  between  2  and  3  times  EAC  for  He  on  all  surfaces,  both  with 
and  without  adsorbants.  Lengthy  exposure  to  the  atmosphere  produces  a  sur¬ 
face  for  which  this  does  not  apply. 

7.  Lengthy  exposure  to  the  atmosphere  produces  a  surface  with  accoimnodation 
coefficients  that  are  considerably  higher  than  those  for  a  surface  briefly 
exposed  to  10  Torr  of  adsorbing  gas.  The  "atmospheric"  surface  is  stable 
in  the  presence  of  vacuum,  limited  heating5  and  a  glow  discharge. 
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Table  I. 


Tangential  momentum  accommodation  coefficients  (TMAC)  and  energy  accommoda¬ 
tion  coefficients  (EAC)  on  polycrystalline  Pt  and  Ag  after  cleaning  by 
heating  in  a  vacuum  and  after  exposure  to  various  gases.  For  the  surfaces 
that  are  grouped  together,  the  +  or  -  values  indicate  the  scatter  in  the 
data.  This  scatter  is  estimated  to  be  within  the  absolute  error  in  the 
individual  measured  values.  If  the  entry  in  the  table  represents  a 
measurement  on  a  single  surface,  the  +  or  -  value  is  obtained  from  the 
estimated  accuracy  of  the  velocity  and  absorption  data. 


Test  Gas 

Surface 

TMAC 

EAC 

Sum 

Ne 

Clean  Pt,  or  Nj  on  Pt 

0.57  ±  0.06 

0.20  ±  0.05 

0.78  ±  0.06 

He 

Clean  Pt,  or  N 2  on  Pt 

0.55  ±  0.07 

0.07  ±  0.03 

0.62  ±  0.07 

Ne 

0 2,  CO,  or  C02on  Pt 

0.75  ±  0.03 

0.47  ±  0.05 

1.21  ±  0.03 

He 

02,  CO,  or  CO 2  on  Pt 

0.76  ±  0.20 

0.24  ±  0.08 

1.00  ±  0.12 

Ne 

Pt  exposed  to  atmosphere 

0.84  ±  0.08 

0.64  ±  0.08 

1.48  ±  0.08 

He 

Pt  exposed  to  atmosphere 

0.64  ±  0.08 

0.60  ±  0.08 

1.24  ±  0.08 

Ne 

Clean  Ag,  N2  or  CO  on  Ag 

0.70  ±  0.06 

0.39  ±  0.03 

1.09  ±  0.07 

He 

Clean  Ag,  N2  or  CO  on  Ag 

0.79  ±  0.03 

0.13  ±  0.03 

0.92  ±  0.04 

Ne 

0  2  on  Ag 

0.76  ±  0.08 

0.48  ±  0.08 

1.24  ±  0.08 

He 

02  on  Ag 

0.96+.04-0.21 

0.16+.08-. 04 

1.12  ±  0.10 

02 

02  on  Pt 

0.88  ±  0.10 

0.84  ±  0.10 

1.72  ±  0.10 

o2 

0  2  on  Ag 

0.92  ±  0.10 

0.76  ±  0.08 

1.68  ±  0.10 

CO 

CO  on  Pt 

0.92  ±  0.10 

0.64  ±  0.08 

1.56  ±  0.10 

CO 

CO  on  Ag 

0.96  ±  0.10 

0.76  ±  0.08 

1.72  ±  0.10 

N2  on  Pt 

0.80  ±  0.08 

0.72  ±  0.08 

1.52  ±  0.08 

N2  on  Ag 

0.80  ±  0.08 

0.68  ±  0.08 

1.48  ±  0.08 
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LEGEND  FOR  FIGURES 


Fig.  1  (A)  and  (B).  Scanning  electron  microscope  photographs  of  the  inner  surface 
of  the  Pt  tube  before  and  after  heating;  (C)  and  (D) ,  Photographs  of  the 
silver  surface  before  and  after  heating. 

Fig.  2.  Reduced  sound  abosrption  and  inverse  sound  velocity  in  the  Pt  tube  as  a 
function  of  the  reduced  parameter  rw.  ★  -  heat  cleaned  surface,  average  of 
three  runs,  •  -  surface  exposed  to  10  Torr  of  N2,  *  -  surface  exposed  to 
10  Torr  of  CO,  <*>  -  surface  exposed  to  10  Torr  of  CO2,  ®  -  surface  exposed  to 
10  Torr  of  02,0-*  surface  exposed  to  atmosphere.  The  curves  drawn  through 
the  points  were  calculated  using  the  EAC  and  TMAC  values  in  Table  I. 

Fig.  3.  Reduced  sound  absorption  and  inverse  sound  velocity  in  the  Ag  tube  as  a 
function  of  the  reduced  parameter  rM.  Symbols  have  the  same  designation  as 
in  Fig.  2.  The  curves  were  calculated  using  EAC  and  TMAC  values  from  Table 
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FIGURE  3 


